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Abstract of JP1 0092325 
PROBLEM TO BE SOLVED: To improve the 
contrast of a display picture plane in a display 
panel, by realizing light reflection prevention in 
a nondischarging part between display 
electrodes, the low resistance of metallic 
auxiliary electrodes laminated on a transparent 
electrode for constituting the display 
electrodes, and the lowering of light 
reflectance. 

SOLUTION: In a gas discharge display panel 
consisting by arranging plural pairs of display 
electrodes 38 for surface discharging; 
composed of belt-like transparent electrodes 
12a and metallic auxiliary electrodes 37 of a 
silver coat overlapped on the transparent 
electrodes 12a and having narrow width, and 
forming plural display lines; in the inner 
surface of one side glass base board 1 1 on a 
display surface side, a first belt-like dark color 
shading coats 33 having conductivity and 
reflectance lower than that of the auxiliary 
electrodes 27, and a second dark color 
shading layer 34 are concurrently formed in 
the same applying coat forming precess, a 
patterning precess, and a baking process, 
between the display electrodes 38 pairs which 
are undisplayed lines between the display 
lines, and between the transparent electrodes 
12a and the auxiliary electrodes 37 in the 
respective display electrodes 38. 
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OGHP02090USD1 ( JP10092325) 
GAS DISCHARGE DISPLAY PANEL AND METHOD FOR MANUFACTURING THE SAME 

BACKGROUND OF THE INVENTION 

Field of the Invention 

[0001] The present invention relates to a gas discharge 
display panel used in a display device, such as a computer 
display terminal, and a method for manufacturing the same. 

Description of the Related Art 

[0002] A plasma display panel (PDP) is one of gas discharge 
display panels. The PDP is widely used as a display unit for OA 
devices because it provides excellent brightness and contrast. 
The PDP has been recently developed to be able to display a color 
image and is therefore spotlighted as a large-sized full-color 
flat panel- display. It is required to manufacture a flat panel 
display capable of providing a high quality image with a clear 
contrast, and to reduce a manufacturing cost for the display by 
reducing the manufacturing times therefor and enhancing the 
manufacturing yield . 

[0003] Fig. 4 is a partial exploded perspective view of a 
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related art AC gas discharge display, which illustrates a basic 
structure of a surface discharge color PDP. 

[0004] Referring to Fig. 4, a surface discharge color PDP 1 
has a three-electrode structure including a pair of X/Y display 
electrodes 12 in a unit emission region EU of a matrix pattern 
and an address electrode A. 

[0005] The display electrodes 12 constitute a display line 
for surface discharge. The display electrode 12 includes a 
transparent electrode 12a disposed on a surface of a front glass 
substrate 11 on a display surface H, which faces a discharge 
space 24, and a metal auxiliary electrode 12b stacked on the 
transparent electrode 12a. The transparent electrode 12a is made 
of a transparent conductive layer, such as an NESA layer or an 
ITO (indium tin oxide) layer, to maximize the transmittance of 
display light. The metal auxiliary electrode 12b is made of a 
metal layer to reduce the resistance of the transparent electrode 
12a, that is, to enhance the conductivity of the transparent 
electrode 12a. 

[0006] The display electrode 12 is insulated with a 
dielectric layer 13 against the discharge space 24. The 
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dielectric layer 13 is used for AC driving for maintaining a gas 
discharge using a wall charge. A passivation layer 14 made of an 
MgO layer with a thickness of several thousands A is formed on 
the dielectric layer 13. 

[0007] The address electrodes A for a selective light- 
emitting operation of the unit emission region EU is arranged on 
a rear glass substrate 21 in such a way to be perpendicular to 
the display electrodes 12 and to be spaced apart from each other 
by a predetermined pitch. A stripe-shaped barrier rib 22 having 
a height of about 100-150 urn is arranged between the address 
electrodes A. Accordingly, the discharge space 24 is defined for 
each unit emission region EU in the direction of a line extended 
from the display electrode 12 and its gap length is also defined. 

[0008] An R/G/B color phosphor 23 is formed on the rear glass 
substrate 21 in such a way to cover an upper surface of the 
address electrode A and side surfaces of the barrier rib 22. 
Each color phosphor 23 is excited to emit each color light by 
radiated UV rays rather than by a gas discharge in the discharge 
space 24 during the surface discharge. The combination of the 
emitted R/G/B color light rays enables a full-color display. The 
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barrier ribs 22 prevent a crosstalk between the EUs during the 
full-color display. 

[0009] The PDP 1 is manufactured through a series of 
processes of providing corresponding components respectively on 
the front and rear glass substrates 11 and 21, arranging the 
substrates 11 and 21 to face each other, sealing a gap 
therebetween, and injecting discharge gas into an inner space 
therebetween while discharging air of the inner space. 

[0010] Fig. 5 is a partial sectional view of a related art 
gas discharge display panel. 

[0011] A black matrix layer 15 shown in Fig. 5 is arranged on 
a non-discharge region (non-display line) between the display 
electrodes 12 on the front glass substrate 11 to prevent contrast 
degradation at the phosphor 23 on the rear glass substrate 21 due 
to deflection of external light. 

[0012] The metal auxiliary electrode 12b is made by forming a 
metal layer with a three-layer structure of Cr-Cu-Cr, which 
provides it with an excellent electrical characteristic and a 
close adhesion to the front glass substrate 11 or the dielectric 
layer 13, on the transparent electrode 12a through sputtering and 
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vacuum deposition. However, this metal auxiliary electrode 12b 
still has a relatively high resistance of about 20-30 mffl /□ . 
Accordingly, it is necessary to reduce the resistance of the 
metal auxiliary electrode 12b to 10 m£ /□ . Also, it is 
difficult to increase the size of a forming device (for example, 
a sputtering device) so as to cope with an increased size of the 
PDP 1. 

[0013] To solve this problem, there may be proposed a well- 
known method of forming the metal auxiliary electrode 12b with Ag 
paste through deposition and photolithography. However, the 
metal auxiliary electrode 12b formed of Ag paste becomes white 
after a firing process. This white surface of the metal 
auxiliary electrode 12b strongly reflects light and therefore 
degrades the contrast and the display quality, thereby making it 
difficult to provide a clear display image. 

SUMMARY OF THE INVENTION 
[0014] Accordingly, the present invention is directed to a 
gas discharge display panel and a method for manufacturing the 
same that substantially obviate one or more problems due to 
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limitations and disadvantages of the related art. 

[0015] An object of the present invention is to provide an 
improved gas discharge display panel and a method for 
manufacturing the same, which can prevent a light reflection at a 
non-discharge region between display electrodes and can reduce 
the electrical resistance and light reflectivity of a metal 
auxiliary electrode stacked on a transparent electrode, thereby 
making it possible to prevent the contrast degradation of a 
display screen and thus enhance a display image quality thereof. 

[0016] Additional advantages, objects, and features of the 
invention will be set forth in part in the description which 
follows and in part will become apparent to those having ordinary 
skill in the art upon examination of the following or may be 
learned from practice of the invention. The objectives and other 
advantages of the invention may be realized and attained by the 
structure particularly pointed out in the written description and 
claims hereof as well as the appended drawings. 

[0017] To achieve these objects and other advantages and in 
accordance with the purpose of the invention, as embodied and 
broadly described herein, there is provided a gas discharge 
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display panel including: a pair of substrates facing each other 
and having a discharge space formed therebetween; a plurality of 
pairs of display electrodes arranged on an inner surface of the 
substrate of a display surface to form a plurality of display 
lines and to provide surface discharge, each display electrode 
including a stripe-shaped transparent electrode and a narrow 
metal auxiliary electrode overlapping the transparent electrode; 
and a conductive, dark-colored and stripe-shaped black matrix 
layer disposed on gap portions between the display electrodes, 
the black matrix electrode having a lower reflectivity than the 
metal auxiliary electrode, the gap portions forming a plurality 
of non-display lines between the display lines. 

[0018] In another aspect of the present invention, there is 
provided a method for manufacturing a gas discharge display panel, 
the method including: forming a plurality of pairs of transparent 
electrodes on a substrate, forming a conductive dark-colored 
black matrix layer on an entire surface of the substrate in such 
a way to cover the transparent electrodes, and removing the black 
matrix layer's portion other than a portion corresponding to the 
transparent electrodes and a gap between the pair of the 
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transparent electrodes; and forming a metal layer on the entire 
surface of the substrate in such a way to cover the transparent 
electrodes and the black matrix layer, and selectively removing 
the metal layer to form a metal auxiliary electrode. 

[0019] Accordingly, the present invention can prevent a light 
reflection at the non-discharge region between the display 
electrodes and can reduce the electrical resistance and light 
reflectivity of the metal auxiliary electrode stacked on the 
transparent electrode, thereby making it possible to prevent the 
contrast degradation of a display screen and thus enhance a 
display image quality thereof. 

[0020] It is to be understood that both the foregoing general 
description and the following detailed description of the present 
invention are exemplary and explanatory and are intended to 
provide further explanation of the invention as claimed. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0021] The accompanying drawings, which are included to 
provide a further understanding of the invention and are 
incorporated in and constitute a part of this application, 
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illustrate embodiment ( s ) of the invention and together with the 
description serve to explain the principle of the invention. In 
the drawings: 

[0022] Fig. 1 is a partial sectional view of a gas discharge 
display panel according to an embodiment of the present 
invention; 

[0023] Fig. 2 is a partial sectional view illustrating a 
process of manufacturing a gas discharge display panel according 
to an embodiment of the present invention; 

[0024] Fig. 3 is a partial sectional view illustrating a 
subsequent process of manufacturing the gas discharge display 
panel according to the embodiment of the present invention; and 

[0025] Fig. 4 is a partial exploded perspective view of a 
related art exemplary gas discharge display; and 

[0026] Fig. 5 is a partial sectional view of a related art 
gas discharge display panel. 

DETAILED DESCRIPTION OF THE INVENTION 
[0027] Reference will now be made in detail to the preferred 
embodiments of the present invention, examples of which are 
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illustrated in the accompanying drawings. Wherever possible, the 
same reference numbers will be used throughout the drawings to 
refer to the same or like parts. 

[0028] Fig. 1 is a partial sectional view of a gas discharge 
display panel according to an embodiment of the present invention. 

[0029] Referring to Fig. 1, the gas discharge display panel 
includes a front, glass substrate 11 of a display surface, and a 
pair of stripe-shaped X/Y display electrodes 38 arranged on the 
front glass substrate 11. The display electrode 38 includes a 
transparent electrode 12a made of a transparent conductive layer 
such as an NESA layer or an ITO layer, a metal auxiliary 
electrode 37 that is made of an Ag layer and overlaps the 
transparent electrode 12a to increase the conductivity of the 
transparent electrode 12a, and first and second conductive dark- 
colored black matrix layer 33 and 34 arranged on a gap portion 
between the neighboring transparent electrodes 12a. The black 
matrix layer 33 includes a black pigment formed of an Mn-Fe-Cu 
oxide and a Cr-Cu oxide having a lower light reflectivity than 
the metal auxiliary electrode 37, and metal particles formed of 
Cu, Ni and Ag. 

10 



OGHP02090USD1 ( JP10092325) 



[0030] The second conductive dark-colored black matrix layer 
33 is spaced apart from the display electrode 38 and thus is not 
electrically connected to the display electrode 38. The display 
electrode 38 is insulated with a dielectric layer 13 of about; 
30-40 [jm thick against a discharge space. A passivation layer 14 
made of an MgO layer with a thickness of several thousands A is 
formed on the dielectric layer 13. 

[0031] The gas discharge display panel further includes a 
rear glass substrate. The rear glass substrate includes a 
plurality of address electrodes arranged thereon, a plurality of 
barrier ribs arranged on the address electrodes, and a phosphor 
disposed between the barrier ribs. The gas discharge display 
panel is manufactured through a series of processes of providing 
corresponding components respectively on the front and rear glass 
substrates, arranging the substrates 11 and 21 to face each other, 
sealing a gap therebetween, and injecting discharge gas into an 
inner space therebetween while discharging air of the inner space. 

[0032] The metal auxiliary electrode 37 has a lower 
resistance than the related art metal auxiliary electrode 37. 
The metal auxiliary electrode 37 is made of Ag with a high light 
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reflectivity. However, the first conductive dark-colored black 
matrix layer 33 having a lower light reflectivity than the metal 
auxiliary electrode 37 is arranged between the transparent 
electrode 12a and the metal auxiliary electrode 37, and the 
second conductive dark-colored black matrix layer 34 having the 
same material as the first conductive dark-colored black matrix 
layer 33 is arranged on a non-discharge region between the 
neighboring transparent electrodes 12a. Accordingly, the light 
reflectivity of the metal auxiliary electrode 37 is reduced and 
the light reflectivity of the non-discharge region due to the 
second conductive dark-colored black matrix layer 34 is also 
reduced. Consequently, the entire contrast of the display screen 
is enhanced and thus a clear display image is provided. 

[0033] Fig. 2 is a partial sectional view illustrating a 
process of manufacturing a gas discharge display panel according 
to an embodiment of the present invention, and Fig. 3 is a 
partial sectional view illustrating a subsequent process of 
manufacturing the gas discharge display panel. 

[0034] Referring to Fig. 2A, a transparent conductive layer 
of Sn0 2 or ITO is formed on an entire surface of a front glass 
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substrate 11 on a display surface through sputtering or vacuum 
deposition and the transparent conductive layer is patterned in a 
stripe shape through photolithography, thereby forming a pair of 
neighboring parallel X/Y transparent electrodes 12a such that 
they are spaced apart from each other by a predetermined distance 
to form a plurality of lines. 

[0035] Paste is uniformly deposited on the front glass 
substrate 11 including the transparent electrodes 12a through 
screen printing and the resulting structure is dried at 
temperatures of about 80-120 °C, thereby forming a photosensitive 
black layer 31. Here, the paste is made of a mixture of a 
photosensitive binder, a black pigment, and metal particles. The 
black pigment is formed of Mn-Fe-Cu oxide and Cr-Cu oxide, for 
example. The metal particles are formed of Cu, Ni and Ag . 

[0036] Referring to Fig. 2B the photosensitive black layer 31 
is patterned through photolithography in which light is 
irradiated through an exposure mask 32 onto the layer 31 and the 
resulting structure is developed. 

[0037] Referring to Fig. 2C, as a result of the process in 
Fig. 2B, a first dark-colored black matrix layer 33 is formed on 
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each of the transparent electrodes 12a and simultaneously a 
second dark-colored black matrix layer 34 is formed on a non- 
discharge region between the neighboring transparent electrodes 
12a. Thereafter, the first and second black matrix layers 33 and 

34 are thermally hardened at temperatures of 100-150 °C or are 
light-hardened. 

[0038] Referring to Fig. 3A, Ag paste is uniformly deposited 
through screen printing onto an entire surface of the front glass 
substrate 11 including the first and second black matrix layers 
33 and 34 and the resulting structure is dried at temperatures of 
about 80-120 °C, thereby forming a photosensitive metal layer 35. 
Here, the Ag paste is formed of a mixture of Ag fine powders and 
photosensitive binder . 

[0039] Referring to Fig. 3C, the photosensitive metal layer 

35 is patterned through photolithography in which light is 
irradiated through an exposure mask 36 onto the layer 35 and the 
resulting structure is developed. 

[0040] Referring to Fig. 3C, as a result of the process in 
Fig. 3B, a metal auxiliary electrode 37 formed of an Ag layer is 
formed through the first dark-colored black matrix layer 33 onto 
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each of the transparent electrodes 12a. Thereafter, the first 
and second dark-colored black matrix layers 33 and 34 and the 
metal auxiliary electrode 37 are simultaneously fired at 
temperatures of 500-600 °C . 

[0041] Next, as shown in Fig. 1, insulation paste such as 
glass with a low melting point is uniformly deposited through 
screen printing onto the front glass substrate 11 on which the 
X/Y display electrodes 38 and the second dark-colored black 
matrix layer 34 are arranged, the resulting structure is dried at 
temperatures of about 100-150 °C, and an insulation layer formed 
of the glass with a low melting point is fired at temperatures of 
about 100-150 °C. Consequently, obtained is the front glass 
substrate 11 having thereon the first dark-colored black matrix 
layer 33 of 1-3 \xm thick on the transparent electrode 12a, the 
metal auxiliary electrode 37 of 1-5 um thick, the second dark- 
colored black matrix layer 34 of 1-3 um thick, the dielectric 
layer 13 formed of a glass insulation layer of 30-40 um thick, 
and the passivation layer 14 formed of an MgO layer of several 
thousands A thick 

[0042] Finally, the gas discharge display panel is 
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manufactured through a series of processes of providing 
corresponding components respectively on the front and rear glass 
substrates, arranging the two substrates to face each other, 
sealing a gap therebetween, and injecting discharge gas into an 
inner space therebetween while discharging air of the inner space. 
Here,' the rear glass substrate includes a plurality of address 
electrodes arranged thereon, a plurality of barrier ribs arranged 
on the address electrodes, and a phosphor disposed between the 
barrier ribs. 

[0043] According to the present invention, the first and 
second dark-colored black matrix layers 33 and 34 are formed of 
the same material, that is, metallic paste, and are 
simultaneously formed through deposition through hardening 
processes. Also, the first and second dark-colored black matrix 
layers 33 and 34 and the metal auxiliary electrode 37 are 
simultaneously formed through the firing process. Accordingly, 
the gas discharge display panel can be efficiently manufactured 
at a low cost. 

[0044] Also, the dark-colored black matrix layers and the 
electrodes layers may be patterned through any one of dry etching 
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and wet etching. 

[0045] Although the present invention has been described with 
the gas discharge display panel such as the surface discharge 
type color PDD, it can be applied to other types of gas discharge 
display panels such as a surface discharge type monochrome PDP. 

[0046] As described above, according to the present invention, 
the conductive dark-colored black matrix layers, which are made 
of the black pigment including Mn-Fe-Cu oxide and Cr-Cu oxide and 
the metal particles including Cu, Ni and Ag, are simultaneously 
formed on the gap portion between the transparent electrode and 
the metal auxiliary electrode and on the non-discharge region 
between the neighboring transparent electrodes. Accordingly, it 
is possible to prevent the light deflection at the non-discharge 
region and also to reduce the electrical resistance and light 
reflectivity of the metal auxiliary electrode. Consequently, the 
entire contrast of the display screen can be greatly enhanced and 
thus an excellent display image quality can be provided. Also, 
it is possible to manufacture the gas discharge display panel at 
a low cost due to a decrease in the manufacturing times therefor. 

[0047] It will be apparent to those skilled in the art that 
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various modifications and variations can be made in the present 
invention. Thus, it is intended that the present invention 
covers the modifications and variations of this invention 
provided they come within the scope of the appended claims and 
their equivalents . 
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What is claimed is : 

1. A gas discharge display panel comprising: 

a pair of substrates facing each other and having a 
5 discharge space formed therebetween; 

a plurality of pairs of display electrodes arranged on an 
inner surface of the substrate of a display surface to form a 
plurality of display lines and to provide surface discharge, each 
display electrode including a stripe-shaped transparent electrode 
10 and a . narrow metal auxiliary electrode overlapping the 
transparent electrode; and 

a conductive, dark-colored and stripe-shaped black matrix 
layer disposed on gap portions between the display electrodes, 
the black matrix electrode having a lower reflectivity than the 
15 metal auxiliary electrode, the gap portions forming a plurality 
of non-display lines between the display lines. 

2. A method for manufacturing a gas discharge display 
panel, the method comprising: 

20 forming a plurality of pairs of transparent electrodes on a 
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substrate, forming a conductive dark-colored black matrix layer 
on an entire surface of the substrate in such a way to cover the 
transparent electrodes, and removing the black matrix layer's 
portion other than a portion corresponding to the transparent 
electrodes and a gap between the pair of the transparent 
electrodes; and 

forming a metal layer on the entire surface of the substrate 
in such a way to cover the transparent electrodes and the black 
matrix layer, and selectively removing the metal layer to form a 
metal auxiliary electrode. 
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ABSTRACT OF THE DISCLOSURE 

Provided are a gas discharge display panel and a method for 
manufacturing the same. The gas discharge display panel 
includes: a pair of substrates facing each other and having a 
discharge space formed therebetween; a plurality of pairs of 
display electrodes arranged on an inner surface of the substrate 
of a display surface to form a plurality of display lines and to 
provide surface discharge, each display electrode including a 
stripe-shaped transparent electrode and a narrow metal auxiliary 
electrode overlapping the transparent electrode; and a conductive, 
dark-colored and stripe-shaped black matrix layer disposed on gap 
portions between the display electrodes, the black matrix 
electrode having a lower reflectivity than the metal auxiliary 
electrode, the gap portions forming a plurality of non-display 
lines between the display lines. 
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Fig . 



A PARTIAL SECTIONAL VIEW OF A GAS DISCHARGE DISPLAY PANEL 
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Fig. 2 

A PARTIAL SECTIONAL VIEW ILLUSTRATING A PROCESS OF 
MANUFACTURING A GAS 0 1 SCHARGE DISPLAY PANEL ACCORDING TO AN EMBODIMENT 

OF THE PRESENT INVENTION 
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Fig. 3 

A PARTIAL SECTIONAL VIEW ILLUSTRATING A 
SUBSEQUENT PROCESS OF MANUFACTURING THE GAS DISCHARGE DISPLAY PANEL 
ACCORDING TO THE EMBODIMENT OF THE PRESENT INVENTION 
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Fig. 4 
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Fig. 5 

A PARTIAL SECTIONAL 
VIEW OF A RELATED ART GAS DISCHARGE 
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